A series of 1-(5-substituted-2-oxoindolin-3-ylidene)-4-(substituted-pyridin-2-yl)thio semicarbazide derivatives were synthesized by the reaction of 4-(substituted-pyridin-2-yl) thiosemicarbazide and 5-halogenated isatin derivatives. The newly synthesized compounds were characterized on the basis of spectral (FT-IR, 1 H, 13 C NMR and mass) analysis. Investigation of in vitro anti-bacterial and anti-fungal activity of synthesized compounds was done by disc diffusion method against B. subtilis, S. aureus, E. coli, P. aeruginosa, C. albicans, and A. niger. All the compounds exhibited moderate to good anti-bacterial and anti-fungal activity.
Introduction
Isatin is reported to possess a wide range of central nervous system activities. 1, 2 Schiff bases of isatin (indolin-2,3-dione) derivatives are reported to show variety of biological activities like antibacterial, [3] [4] [5] antifungal, 6-8 antiviral, [9] [10] [11] anti HIV, [12] [13] [14] antiprotozoal 15, 16 and antihelminthic 17, 18 activities. In addition pyridines are associated with diverse biological activities. 19, 20 Previous reports [3] [4] [5] [6] [7] [8] revealed that 5-halogenated isatin derivatives show good antimicrobial activity.
Prompted by the biological properties of isatin derivatives and their Schiff bases, it was envisaged that a new series of isatin derivatives with 4-(substituted-pyridin-2-yl)thiosemicarbazide would possess high antimicrobial activity.
Results and Discussion
The target compounds were prepared by using the reaction sequence in Scheme 1. The Schiff bases of isatin derivatives were synthesized by condensation of the keto group of isatin with various thiosemicarbazides. All the compounds gave satisfactory elemental analysis (±0.4%). The chemical structures of the synthesized compounds (in Table 1 All the synthesized compounds were evaluated for their antimicrobial activities. The zones of inhibition formed for the compounds against gram-positive, gram-negative bacteria and fungi are presented in Table 2 . All the compounds have shown moderate activity. In general, the order of antibacterial activity of the substituents at the 5 th position of isatin is Br > Cl > F. The antimicrobial activity of title compounds revealed that 4-(5-chloropyridin-2-yl)-1-(5-fluoro-2-oxoindolin-3-ylidene)-thiosemicarbazide (3b), 1-(5-Chloro-2-oxoindolin-3-ylidene)-4-(6-methylpyridin-2-yl) thiosemicarbazide (3j) and 1-(5-Bromo-2-oxoindolin-3-ylidene)-4-(4-methylpyridin-2-yl) thiosemicarbazide (3n) exhibited highest activity against B. subtilis NCIM2063, S. aureus NCIM2079, E. coli NCIM2065, P. aeruginosa NCIM2200, C. albicans NCIM3102 and A. niger. However, these compounds showed lesser antimicrobial activity as compared to their respective standards. 13 C NMR spectra were recorded on JEOL GSX 400 spectrometer using TMS as an internal standard (chemical shifts in δ, ppm), IR spectra on a Shimadzu FT 8300 infrared spectrophotometer (ν max cm -1 ) and mass spectra on a JEOL MSMATE spectrometer.
Microanalyses for C, H, N were performed in a Heraeus CHN Rapid Analyser.
Synthesis of 4(substituted pyridine-2-yl) thiosemicarbazide (1).
To a solution of 2-amino pyridine (0.001 mol) in DMF (10 mL) was added sodium hydroxide (0.001 mol) and carbon disulphide (0.75 mL). The mixture was stirred for 1 h at 15-20°C, to the stirred mixture was added hydrazine hydrate (0.01mol) and stirring continued at 45 °C for 1 h. On adding water a pale yellow solid separated out which was recrystallized from DMF-ethanol (1:1). The yield of product was 88-90%. Similarly other compounds were prepared.
Synthesis of 5-substituted isatin (2).
To 55 mL of concentrated sulphuric acid at 50°C was added 15 g of dry isonitrosoacetanilide derivative. The solution was heated to 80 °C and was kept at this temperature for about 10 min. Then it was cooled to rt and poured upon cracked ice. After 90 min, the 5-substituted isatin was filtered, washed several times with cold water to remove sulphuric acid and then dried in air. The yield of product was 80-82.5%.
Synthesis of 1-(5-substituted-2-oxoindolin-3-ylidene)-4-(substituted-pyridin-2-yl) thiosemicarbazide (3a-o)
Equimolar quantities of 5-substituted isatin and 4-(substituted pyridin-2-yl) thiosemicarbazide were dissolved in warm ethanol (50mL) containing1mL of glacial acetic acid. The reaction mixture was refluxed for 10 h and set aside. The resultant solid was washed with dilute ethanol, dried and recrystallized from ethanol-chloroform (1:1). Fluoro-2-oxoindolin-3-ylidene)-4-(4-methylpyridin-2-yl)thiosemicarbazide (3d) 
1-(5-Fluoro-2-oxoindolin-3-ylidene)-4-(pyridin-2-yl)thiosemicarbazide (3a

